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A Xylariaceous endophytic fungus was isolated from leaves of Cupressus lusitanica.
Essential oil was extracted from these two organisms using the hydrodistillation method
and identiﬁed by gas chromatography-mass spectrometry and retention index. A variety of
monoterpenes, sesquiterpenes and diterpenes were identiﬁed in the fungus and the plant,
and some of them were co-produced by both organisms. The oil extracted from C. lusi-
tanicawas tested against three of the endophytic fungi found in its leaves and showed only
slightly antifungal activity.
 2011 Elsevier Ltd. Open access under the Elsevier OA license.1. Introduction
The “Cypress” plants (Cupressaceae family) are grown in many tropical and subtropical areas for commercial purposes
such as ornamentation and source of wood building material (Farjon, 1993; Graniti, 1998). Species of genus Cupressus are
frequently attacked by fungi which cause them to develop the disease called “Cypress Canker” (Graniti, 1998; Muthuchelian
et al., 2005), which depreciate its commercial value. This disease is most frequently caused by fungi of genera Sphaeropsis and
Seiridium, and can spread world-wide pretty fast (Sparapano et al., 2004). C. lusitanica is a good terpenoid producer, including
monoterpenes, sesquiterpenes and diterpenes (Adams et al., 1997). Some monoterpenes, such as b-thujaplicin, have being
proved to act as phytoalexin in C. lusitanica (Sparapano et al., 2004). Therefore it seems that terpenoid compounds plays
important role in interactions between plants and pathogens.
Among the endophytic fungi recently isolated from healthy tissues of C. lusitanica leaves, we obtained some strains with
macro and micro morphology characteristics of those microorganisms belonging to the genus Xylaria (Rogers and Samuels,
1986), being these the most frequently fungi obtained. We described recently four major sesquiterpenes produced by one of
these Xylaria, coded NICL5 (Amaral and Rodrigues-Filho, 2010).
Thus, in the present work we report the study of the essential oil produced by C. lusitanica and by a Xylariaceous fungus
(NICL5) isolated from this plant, with the aims to compare terpenoid contents and to investigate how the plant oil affect the
endophytic fungi growth. The study of essential oils from plants is well established. However, this type of study is not so
common for organisms such as endophytic fungi.fax: þ55 16 3351 8350.
s-Filho).
 Elsevier OA license.
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2.1. Material plant
Health leaves of C. lusitanicawere collected in São Carlos, São Paulo State, Brazil. A voucher specimen (No. 7281) has been
deposited in the Herbarium of the Botanic Department of Universidade Federal de São Carlos, Brazil.2.2. Fungal material
The surface sterilization method employed in this work was similar to that used by Petrini et al. (1992). After the
collection, the leaves were washed in abundant water (domestic use grade) and then in distilled water. The leaves were
surface sterilization by consecutive immersion in 70% ethanol (2 s), sterile distilled water (2 s), 11% aqueous sodium
hypochloride for 1–5 min and 70% ethanol (2 s), and then in sterile distilled water. The material was placed in Petri dishes
containing PDA medium (potato, dextrose and agar) supplemented with 100 mg mL1 terramycin and incubated at room
temperature. Endophytic fungi growing from the plant tissues were picked and recultured on PDA to determine culture
purity. The isolated fungi were stored at LaBioMMi – Laboratório de Bioquímica Micromolecular de Microorganismos – in
Departamento de Química at Universidade Federal de São Carlos, Brazil. Working stocks were prepared on potato
dextrose agar.2.3. Extraction of essential oil from C. lusitanica
The essential oil of C. lusitanicawas extracted by hydrodistillation from dried leaves (100 g of each sample in 1000 mL of
distilled water) using a Clevenger type apparatus for 3 h. The oil was dried over anhydrous sodium sulfate and stored in sealed
glass vials at 22 C until the analysis.2.4. Extraction of essential oil from endophytic fungus cultivated in liquid and solid medium
The fungus was grown under static conditions at room temperature for 14 days in round-bottom ﬂask containing the
medium liquid composed of dextrose (26.7 g L1), yeast extract (10.0 g L1), NaNO3 (3.0 g L1), K2HPO4 (1.0 g l1),
MgSO4$7H2O (0.5 g L1), KCl (0.5 g L1), FeSO4$7H2O (0.01 g L1). After the period of growth the fungus essential oil was
extracted by hydrodistillation using a Clevenger type apparatus for 3 h. The oil was dried over anhydrous sodium sulfate and
stored in sealed glass vials at 22 C until the analysis. Hydrodistillation was performed on a ﬂask containing the medium
only and the extract analyzed as a blank.
In another experiment the fungus was grown at room temperature for 14 days in round-bottom ﬂask containing “Uncle
Ben’s” rice as solid medium. After this period 800 mL of distilled water was added to the ﬂask and the essential oil was
extracted, dried and stored in the sameway used in liquidmedium experiment. A ﬂaskwith the same amount of ricewas kept
as a control and also hydrodistillated. The oil of this blank experiment was analyzed and the data subtracted from that
obtained with the fungus present.2.5. Analysis of the essentials oils
The composition of essential oils was investigated by GC-MS, performed on a chromatographic system CARLO ERBA GC
8000 series equipped with a J&W Scientiﬁc DB-1 capillary column (30 m  0.25 mm  0.25 mm). The carrier gas was helium.
Oven temperature was programmed (50 C for 5 min), then 50–290 C at 7 C/min and subsequently held isothermal for
5 min. Injector port: 180 C, detector: 280 C, split ratio: 1:20. Volume injected: 2 mL diluted in dichloromethane. The GC was
coupled to a MICROMASS Platform II mass spectrometer and the data were acquired using 70 eV as ionization voltage; scan
time: 1.40 s; mass range: m/z 50–750 Da. The software adopted to handle mass spectra and chromatograms was MassLynx
V2.11. The identiﬁcation of the compounds was based on mass spectra (compared with NIST Library). Further conﬁrmation
was achieved from Retention Index (RI) generated from a series of alkanes (C9–C25) on DB-5 column.2.6. Antifungal activity
The essential oil extracted from C. lusitanica leaves was tested against three endophytic fungi, preliminarily identiﬁed as
Xylaria sp1 (NICL3), Guignardia sp (NICL4) and Xylaria sp2 (NICL5). These are endophytic fungi isolated from C. lusitanica. The
test was performed by a modiﬁed disc diffusion method. Oil solutions in ethanol at different concentrations were deposited
on the plate where the microorganisms were subjected to growth for 8 days. Plates with the addition of ethanol only were
used as control.
Table 1
Chemical composition of the essential oils from C. lusitanica and the endophytic fungus Xylaria.
No Compounds Cupressus lusitanica Xylaria in Solid
Medium
Xylaria in Liquid
Medium
Kovats
Index (litb)
Methods for
identiﬁcation
Retention
Time (min)
Kovats
Indexa
Retention
Time (min)
Kovats
Indexa
Retention
Time (min)
Kovats
Indexa
Monoterpenes (Mþ. ¼ 136) and monoterpenes oxygenated (Mþ. ¼ 154)
01 b–Pinene 4.38 978.1 – – – – 979 MS, KI
02 b(Z)Ocimene 5.63 1038.1 – – – – 1037 MS, KI
03 p-Mentha-3,8-diene 6.33 1068.8 – – – – 1073 MS, KI
04 p–Mentha-2,4(8)-diene 6.81 1089.9 – – – – 1088 MS, KI
05 Terpinolene 6.98 1097.3 – – – – 1089 MS, KI
06 endo-Fenchol 7.41 1114.0 7.51 1116.0 – – 1117 MS, KI
07 neo-allo–Ocimene 8.31 1148.1 – – – – 1144 MS, KI
08 iso-Isopulegol 8.63 1160.2 – – – – 1160 MS, KI
09 iso-Verbanol 9.13 1179.1 – – – – 1180 MS, KI
10 Dihydro Carveol 9.51 1193.5 – – – – 1194 MS, KI
11 Dihydro Carvone 9.68 1200.0 9.48 1199.2 – – 1201 MS, KI
12 trans-Pulegol 9.88 1207.3 – – – – 1210 MS, KI
13 iso-Dihydro Carveol 10.06 1214.0 – – – – 1215 MS, KI
14 trans-Carveol 10.28 1222.1 – – – – 1217 MS, KI
15 cis-Carveol 10.38 1225.8 – – – – 1229 MS, KI
16 neoiso-Dihydro Carveol 10.58 1233.2 – – – – 1229 MS, KI
17 Pulegone 10.68 1236.9 – – – – 1237 MS, KI
18 Geranial 11.61 1271.2 – – – – 1267 MS, KI
19 Perilla aldehyde 11.81 1278.5 – – – – 1272 MS, KI
20 a–Terpinen-7-al 11.98 1284.2 – – – – 1285 MS, KI
21 p-Menth-1-en-9-ol 12.36 1298.8 – – – – 1295 MS, KI
22 m-Acetanisole 12.53 1305.1 – – – – 1299 MS, KI
23 dehydro-Elshotzia Ketone 12.76 1313.6 10.13 1210.6 – – 1303 MS, KI
24 4-hydroxy-Cryptone 12.81 1315.7 – – – – 1316 MS, KI
25 Phenyl Ethyl Oxyacetaldehyde 13.06 1324.7 – – – – 1327 MS, KI
26 (Z)-Hasmigone 13.28 1332.8 – – – – 1329 MS, KI
27 neoiso-Dihydro Carveol acetate 13.91 1356.0 – – – – 1359 MS, KI
28 Piperitone oxide 14.26 1369.0 – – – – 1369 MS, KI
29 Ethyl 2-nonynoate 14.64 1383.0 – – – – 1383 MS, KI
30 4a,7a,7b–Nepetalactone 14.91 1392.9 – – – – 1392 MS, KI
31 Methyl antranilate 15.14 1401.5 – – – – 1406 MS, KI
32 (Z)-Trimenal 15.34 1409.2 – – – – 1408 MS, KI
33 cis-threo-Davanafuran 15.61 1418.8 – – – – 1416 MS, KI
34 Nopyl acetate 15.81 1426.1 – – – – 1426 MS, KI
35 Hepten-1-ol – – 4.20 967.8 – – 967 MS, KI
36 exo2Norboneol – – 4.42 981.0 – – 976 MS, KI
37 Hexenyl Acetate – – 4.90 1006.1 – – 1005 MS, KI
38 Acetyl Piridine – – 5.58 1035.9 – – 1034 MS, KI
39 exo-5–Norbonene –2-menthanol – – 6.28 1066.6 – – 1064 MS, KI
40 cis-Vertocitral C – – 6.48 1075.4 – – 1080 MS, KI
41 methylthio-Pyrazine – – 6.93 1095.1 – – 1095 MS, KI
42 exo-Fenchol – – 7.51 1120.6 – – 1122 MS, KI
43 neoiso–Thujanol – – 8.43 1152.6 – – 1154 MS, KI
44 neo-Menthol – – 8.81 1167.0 – – 1166 MS, KI
45 cis–Pinocarveol – – 9.26 1184.0 – – 1184 MS, KI
46 Decanal – – 9.83 1205.5 – – 1202 MS, KI
47 (2E,4Z)–Decadienal – – 12.21 1293.3 – – 1293 MS, KI
48 Hasmigone – – 13.66 1336.8 – – 1336 MS, KI
Sesquiterpenes (Mþ. ¼ 204) and sesquiterpenes oxygenated (Mþ. ¼ 220)
49 b(Z)-Farnesene 16.26 1444.7 16.21 1442.8 16.21 1442.8 1443 MS, KI
50 Cabreuva Oxide A 16.39 1449.8 – – – – 1447 MS, KI
51 Sesquisabinene 16.77 1461.6 – – – – 1460 MS, KI
52 a–Acoradiene 16.94 1467.8 – – – – 1466 MS, KI
53 a–Amorphene 17.24 1482.6 – – – – 1485 MS, KI
54 trans–Muurola-4(14),5-diene 17.52 1493.4 17.49 1492.1 17.49 1492.1 1494 MS, KI
55 g–Amorphene 17.62 1497.3 – – – – 1496 MS, KI
56 Cuparene 17.94 1510.0 – – – – 1505 MS, KI
57 7a-epi-Selinene 18.24 1522.0 18.24 1522.0 18.24 1522.0 1522 MS, KI
58 Italicene Ether 18.44 1530.0 – – – – 1532 MS, KI
59 trans–Cadina-1(2),4-diene 18.49 1532.0 – – – – 1535 MS, KI
60 a–Cadinene 18.67 1539.2 18.64 1539.0 18.64 1539.0 1539 MS, KI
61 cis-Dracunculifol 18.80 1544.4 – – – – 1543 MS, KI
62 Dimethyl-Ionone 19.34 1566.0 – – – – 1567 MS, KI
(continued on next page)
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Table 1 (continued )
No Compounds Cupressus lusitanica Xylaria in Solid
Medium
Xylaria in Liquid
Medium
Kovats
Index (litb)
Methods for
identiﬁcation
Retention
Time (min)
Kovats
Indexa
Retention
Time (min)
Kovats
Indexa
Retention
Time (min)
Kovats
Indexa
63 Caryophyllenyl alcohol 19.45 1570.4 – – – – 1572 MS, KI
64 Caryolan-8-ol 19.57 1575.2 – – – – 1573 MS, KI
65 Hexyl Benzoate 19.72 1581.2 – – – – 1580 MS, KI
66 Turmerol 19.77 1583.2 – – – – 1583 MS, KI
67 Thujopsan-2a-ol 19.92 1589.2 19.89 1589.0 19.89 1589.0 1587 MS, KI
68 Guaiol 20.25 1602.5 20.22 1601.2 20.22 1601.2 1601 MS, KI
69 5-epi-7-epi-a–Eudesmol 20.45 1611.0 – – – – 1608 MS, KI
70 trans-Arteannuic Alcohol 20.52 1613.9 – – – – 1613 MS, KI
71 1,10-di-epi–Cubenol 20.65 1619.4 – – – – 1619 MS, KI
72 10g-epi-Eudesmol 20.75 1623.7 – – – – 1624 MS, KI
73 5-Cedranone 20.90 1630.0 – – – – 1630 MS, KI
74 3-iso–Thujopsanone 21.22 1643.6 – – – – 1643 MS, KI
75 Cubenol 21.35 1649.1 21.31 1648.6 21.31 1648.6 1647 MS, KI
76 a–Eudesmol 21.47 1654.2 – – – – 1654 MS, KI
77 Isoledene – – 14.46 1376.8 14.46 1376.8 1376 MS, KI
78 iso-Longifolene – – 14.76 1389.4 14.76 1389.4 1390 MS, KI
79 Longifolene – – 15.31 1408.4 15.31 1408.4 1408 MS, KI
80 a–Cedrene – – 15.41 1411.9 15.41 1411.9 1412 MS, KI
81 4,8-b-epoxy-Caryophyllane – – 15.74 1424.7 15.74 1424,7 1425 MS, KI
82 cis-Thujopsene – – 15.81 1427.4 15.81 1427.4 1431 MS, KI
83 b–Gurjunene – – 15.89 1432.5 15.89 1432.5 1434 MS, KI
84 allo-Aromadendrene – – 16.66 1460.2 16.66 1460.2 1460 MS, KI
85 g–Gurjumene – – 17.12 1477.9 17.12 1477.9 1477 MS, KI
86 a-Zingiberene – – 17.54 1494.2 17.54 1494.2 1494 MS, KI
87 Epizonarene – – 17.74 1502.0 17.74 1502.0 1502 MS, KI
88 d–Amorphene – – 17.84 1510.0 17.84 1510.0 1512 MS, KI
89 g(Z)-Bisabolene – – 18.07 1515.2 18.07 1515.2 1512 MS, KI
90 Nopsan-4-ol – – 18.34 1528.0 18.34 1528.0 1531 MS, KI
91 Occidentalol – – 19.02 1553.2 19.02 1553.2 1552 MS, KI
92 epi-Cedrol – – 20.62 1618.2 20.62 1618.2 1619 MS, KI
93 Occidentalol Acetate – – 22.14 1682.6 22.14 1682.6 1682 MS, KI
Diterpenes (Mþ. ¼ 272) and diterpenes oxygenated (Mþ. ¼ 286)
94 Khusinol 22.02 1677.5 – – – – 1677 MS, KI
95 Acorone 22.40 1693.6 – – – – 1693 MS, KI
96 Khusinol Acetate 24.90 1804.6 – – – – 1824 MS, KI
97 Laurenene 25.25 1820.8 – – – – 1880 MS, KI
98 Rimuene 25.48 1831.4 – – – – 1896 MS, KI
99 tetrahydro-Rimuene 25.72 1842.6 – – – – 1962 MS, KI
100 Rosa–5(E),15(E)–diene 26.10 1860.2 – – – – 1934 MS, KI
101 Abietatriene 26.40 1874.0 – – – – 2057 MS, KI
102 Abietadiene 26.65 1884.9 26.75 1886.9 26.80 1887.9 2088 MS, KI
103 Abieta-8(14),13(15)-diene 26.85 1885.6 – – – – 2154 MS, KI
104 trans–Totarol 27.35 1918.6 27.37 1919.0 27.38 1919.1 2314 MS, KI
105 13-isopropyl-Podocarpa-8,13-diene 28.25 1961.7 – – – – 2325 MS, KI
106 trans-Ferruginol 28.33 1965.5 – – – – 2332 MS, KI
107 Unidentiﬁed Mþ. ¼ 284 29.15 2005.2 – – – – – MS, KI
108 dehydro-Abietol 29.70 2030.1 – – – – 2369 MS, KI
109 cis-Ferruginol acetate 30.00 2049.2 – – – – 2411 MS, KI
Other Compounds Identiﬁed
110 Methyl Hexadecanoate – – 25.22 – 25.22 – – MS
111 Methyl linoleate – – 27.25 – 27.25 – – MS
112 Methyl 9-octadecenoate – – 27.63 – 27.63 – – MS
113 Methyl 9-decanoate – – 28.10 – 28.10 – – MS
KI: Kovats Index; MS: Mass Spectrometry; –: Unidentiﬁed.
a Relative to C9–C25 n-alkanes on DB-1 column.
b Relative to C4–C25 n-alkanes on DB-5 column (Adams, 2001).
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3.1. Chemical composition
The chromatographic proﬁle of the chemical constituents of essential oils obtained from plant C. lusitanica and the Xylaria
fungus NICL5, cultivated in liquid and solid medium, were obtained by GC-MS analysis, which showed a variety of terpenoids,
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during the analysis of different essential oils.
The essential oil of C. lusitanica presented a diversity of constituents that were identiﬁed by mass spectrometry and
retention index based on the equation of Van den Dool and Kratz (Van den Dool and Kratz, 1963; Adams, 2001). Among
monoterpenes identiﬁed, stands out as major constituents b-pinene and b-(Z)-ocimene, besides the endo-fenchol and
geraniol as oxygenated monoterpenes. Sesquiterpenes were also identiﬁed, being the major constituents a-acoradiene, a-
amorphene, thujopsan-2a-ol and 7a-epi-selinene. The most abundant diterpenes were identiﬁed as abietadiene and totarol.
The composition of essential oil from Brazilian C. lusitanica is quite different from those reported from some countries. Clearly
there are many differences between the chemical composition of essential oils extracted from C. lusitanica in different regions
and countries. A strong justiﬁcation for this phenomenon could be related to different climate and soil conditions between
the regions, which directly inﬂuence themetabolism of the plant (Chéraif et al., 2007), but also due the exposition to different
biotic components.
Essential oils extracted from endophytic fungi have been little studied and reports in the literature are rare. The essential
oil extracted from the endophytic fungus Xylaria, both in liquid and solid medium, showed a diversity of terpene compounds
where sesquiterpenes were more important. Among the sesquiterpenes identiﬁed, trans -muurola-4(14),5-diene, 7a-epi-
selinene, a-cadinene, thujopsan-2a-ol and guaiol were present as major compounds. In previous works we reported the
isolation and characterization eremophilane sesquiterpenes from the same Xylaria fungus (Amaral and Rodrigues-Filho,
2010). These sesquiterpenes showed carbon skeleton similar to the sesquiterpenes identiﬁed by Kovats Indices, which
shows that the compounds identiﬁed correlate with what has been reported.
Twelve terpenoid compounds (entries 06, 11, 23, 49, 54, 57, 60, 67, 68, 75, 102 and 104 in Table 1) were identiﬁed in both
essential oil produced by C. lusitanica and the oil obtained from the Xylaria fungus in liquid and solid media. While these
compounds are almost undescribed in fungi, they are wide spread in the literature as plant terpenoids. Their co-occurrence
reported here may indicate the presence of an enzymatic system very similar between the plant and the endophytic
microorganism. Relationship betweenmicroorganisms and plants are reported in the literature on several levels (Rohr, 1997).
In this case, it will be interesting to check if these compounds are truly produced by the plant or have their origin in the
fungus, since it is considered that the fungus lives inside the plant tissue without causing disease symptoms. To conﬁrm this
hypothesis other experiments should be conducted.
The relative abundance of compounds identiﬁed in the essential oil of C. lusitanica and the endophytic fungus Xylaria are
shown in Fig. 1. Monoterpenes and sesquiterpenes were shown as major constituent in both essential oil of the plant as the
fungus. Diterpenes and methyl esters of fatty acids were found in the fungus. It is the ﬁrst time that volatile diterpenes are
reported in a Xylariaceous fungus. These data are important since proﬁles of essential oils can be used as taxonomic classiﬁer
for various microorganisms (Strobel et al., 2004).3.2. Antifungal activity
Essential oils are known to have applications in various biological activities meeting many human needs, among these
activities are antifungal (Tavares et al., 2008), antibiotic (Rodrigues et al., 2009), cytotoxic (Conforti et al., 2009; Loizzo et al.,
2009) and others. Along these applications for human requirements, essential oils are also frequently associated with ecology
roles, mediating plant interactions (Alwis et al., 2009). In this sense, the antifungal activity of essential oil from C. lusitanica
was tested against some of its endophyte hosted, to investigate how the fungi deal with the plant content. The essential oil of
C. lusitanica showed only moderate activity against the growth of its endophytic fungi associated Xylaria sp1
(MIC ¼ 500 ppm), Guignardia sp and Xylaria sp2 (MIC ¼ 250 ppm). This inhibition would be a strong indication that the
volatile compounds in essential oil would be important in controlling the growth of microorganisms in plant tissues, asFig. 1. Distribution of monoterpene, sesquiterpenes, diterpenes and methyl esters of fatty acid in essential oil of C. lusitanica and endophytic fungus Xylaria.
F.C. Santos Filho et al. / Biochemical Systematics and Ecology 39 (2011) 485–490490expected, instead of to kill them. Literature reports show that volatile monoterpenes are important and act as the primary
mechanisms of plant defense against pathogenic invasions (Alwis et al., 2009). But as truly symbiotic endophytes usually
cooperate with plant development, they can resist even to high concentrations of plant compounds. In subsequent steps, the
metabolism of these essential oil terpenoid will be deeply investigated.
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